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This chapter describes the organization and content of the document and includes the

following sections:

■ Purpose

■ Scope

■ Audience

■ Related Information

■ Using this Document
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P U R P O S E

This document, Analyst Instructions for Radionuclide Data, Revision 2 [IDC6.2.6Rev2],

describes the interactive analysis of radionuclide data, including the review processes for

high-resolution gamma-ray spectra and three dimensional (3-D) beta-gamma coinci-

dence data. The interactive review process is a necessary step in the creation of a

Reviewed Radionuclide Report (RRR). 

This document supersedes the information contained in Analyst Instructions for Radionu-

clide Data, Revision 1, published November 2000, and provides revised interactive

review instructions that incorporate the latest features of the radionuclide software. 

S C O P E

This document includes general instructions for the interactive review of radionuclide

data and automatic analysis results. The methodology for these procedures is based on

International Data Centre (IDC) requirements. 

A U D I E N C E

This document is intended for IDC radionuclide analysts and other members of radionu-

clide operations who will participate in interactive review of radionuclide data. It is

assumed that these individuals have a basic understanding of atmospheric radionuclide

monitoring, gamma-ray spectroscopy, and beta-gamma coincidence data.

R E L A T E D  I N F O R M A T I O N

See “References” on page 58 for a listing of all the sources of information consulted in

preparing this document.
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▼Abo ut  t h i s  Docum en t
U S I N G  T H I S  D O C U M E N T

This document is part of the overall documentation architecture for the IDC and is part

of the Products and Services document category, which provides descriptions of IDC

products and their formats. This document is organized as follows:

■ Interactive Review Procedures for Gamma-ray Spectra

This chapter provides step-by-step instructions for the interactive analysis of

radionuclide full sample spectra.

■ Interactive Review of 3-D Beta-gamma Coincidence Data

This chapter provides step-by-step instructions for the interactive analysis of

3-D beta-gamma coincidence data.

C o n v e n t i o n s

This document uses a variety of conventions, which are described in the following

tables. Table I shows the typographical conventions.

Table II shows the conventions for data flow diagrams. 

TABLE I: TYPOGRAPHICAL CONVENTIONS 

Element Font Example

database table

database table and attribute 
when written in the dot notation

bold dataready

prodtrack.status

attributes of database tables
when written separately

processes and software units

user-defined arguments

 italics status

ParseSubs

delete-remarksobject

computer code and output

filenames, directories, and websites

text that should be typed in exactly as 
shown

courier >(list ‘a ‘b ‘c)

amp.par

edit-filter-dialog
viii
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TABLE II: DATA FLOW SYMBOLS 

Description Symbol

process

external source or sink of data (left)

duplicated external source or sink of data (right)

data store (left)

duplicated data store (right)

control flow

data flow 

decision

product
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Chapter 1:  I n t e r a c t i v e  R e v i e w  
P r o c e d u r e s  f o r  G a m m a - r a y  S p e c t r a

This chapter describes the standard procedures for IDC radionuclide spectral analysis

and includes the following sections:

■ Introduction

■ Spectral Prioritization of Samples 

■ Multiple Analyst Review Tool

■ Verification of Sampling Metrics

■ Verification of Calibration

■ Review of Reports

■ Reviewing for Type I and Type II Automated Peak Search Errors

■ Releasing Spectra

■ Summary
f o r  R a d i o n u c l i d e  D a t a
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Chapter 1:  I n t e r a c t i v e  R e v i e w  
P r o c e d u r e s  f o r  
H i g h - R e s o l u t i o n  G a m m a - R a y  
S p e c t r a

I N T R O D U C T I O N

A simplified flow diagram of the radionuclide review described in this document is

shown in Figure 1. The flow diagram starts with data arrival and automatic analysis.

These topics are covered in IDC Processing of Radionuclide Data [IDC5.2.2Rev2] and the

“Radionuclide Import Processing” chapter in Radionuclide Software Design

[IDC7.1.10Rev2]. After receipt, spectra are prioritized with respect to their urgency for

review. Spectra with Comprehensive Nuclear Test-Ban Treaty (CTBT)-relevant anthro-

pogenic radionuclides are given higher priority than spectra with only natural radioncu-

lides [CTB00b]. Spectra are also prioritized with respect to how long they have been in

the analysis queue. During spectral review, the sampling metrics, spectral calibrations,

and data reports are examined. The spectrum is also searched for Type I (peaks found in

automated processing that are not truly there) and Type II (peaks missed by automatic

processing) peak search errors. If no analysis problems or abnormalities are found and

no CTBT-relevant anthropogenic radionuclides are identified, the spectrum is released

with a categorization level and post-review products are generated. The spectrum is

passed along to other staff for review if: 1) an analyst finds problems with the automatic

spectrum analysis results; 2) adds or modifies a peak associated with a CTBT-relevant

anthropogenic radionuclide; or 3) abnormal concentrations of radionuclides contained in

the categorization list for particulate samples (CLPS) are identified [CTB00b].
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FIGURE 1. RADIONUCLIDE REVIEW FLOW DIAGRAM
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Once received, sample data from the International Monitoring System (IMS) are auto-

matically analyzed and prioritized, and the results are stored in an ORACLE database.

The job of the radionuclide analyst is to review the results of the automatic processing

and to monitor the state of health (SOH) of the radionuclide station equipment. Samples

that require peak insertions or peak modifications, contain abnormal levels of relevant

radionuclides, or have special problems, will be forwarded to other IDC staff for addi-

tional review.

The IDC receives several types of pulse height data (PHD). This chapter contains guide-

ance for reviewing the two-dimensional (2-D) data produced by stations reporting

gamma-ray spectroscopy.  PHD files are produced for a variety of sample types: blank,

calibration, detector background, quality control, and sample. The formats of all PHD

types are explained in [IDC3.4.1Rev3]. 

■ Blank pulse height data (BLANKPHD) files are produced by the gamma-ray

acquisition of a blank aerosol filter. This gamma-ray spectrum provides infor-

mation regarding the background levels around the detector as well as infor-

mation regarding the radionuclides present in the blank filter. Most filters

have notable activity concentrations of 40K. 

■ Calibration pulse height data (CALIBPHD) files are produced for determining

the calibration (energy vs. channel, resolution vs. energy, and efficiency vs.

energy) of the detector instrumentation. The CALIBPHD is produced by the

gamma-ray acquisition of a certified radionuclear source positioned on the

detector in a known geometry. The IMS has defined the requirements of cali-

bration sources in “[CTB99a]” on page 58. 

■ Detector background pulse height data (DETBKPHD) files are produced for

determining the background levels on and around the detector instrumenta-

tion.  Nothing is present in the detector chamber when the gamma-ray spec-

trum is acquired. The counts in the DETBKPHD may also be subtracted from

the counts in the BLANKPHD (adjusted for acquisition time differences) to

provide an understanding of the activity contained in the blank filter. 
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■ Quality control pulse height data (QCPHD) are similar to CALIBPHD in that

they are both gamma-ray acquisitions of a known certified radioactive source.

However, the QCPHD is counted on a daily basis and usually for a shorter

period of time. The QCPHD is used to monitor detector SOH. 

■ Sample pulse height data (SAMPLEPHD) files are produced from the

gamma-ray acquisitions of particulate and noble gas samples. SAMPLEPHD

files can be either a preliminary (PREL) file or a full (FULL) file. The PREL

file is counted for a portion of the total acquisition time associated with the

FULL file, and arrives at the IDC first.  The PREL files provides the analyst

with a method of calulating the halflife of any identified relevant radionu-

clides, based on a comparison of the peak areas identified in each of the PREL

and FULL files.  This has applications in time-critical radionuclide detections.

SAMPLEPHD files  may contain beta-gated gamma spectra if the originating

station has an ARIX noble gas collection unit. For every sample collected by

an ARIX unit, two SAMPLEPHDs are transmited: one containing a low-reso-

lution gamma-ray spectrum and one containing a beta-gated gamma spectrum.

The gamma spectrum is used to identify and quantify 131mXe and 133mXe. the

beta-gated gamma spectrum is used to identify and quantify 133Xe and 135Xe.

Radionuclide analysts interactively review all FULL SAMPLEPHD files coming from

IMS stations.  The PREL SAMPLEPHD, DETBKPHD, BLANKPHD, QCPHD, and

CALIBPHD spectral files are not routinely reviewed by the analyst; however, these

spectral files do provide additional information. 

S P E C T R A L  P R I O R I T I Z A T I O N  O F  
S A M P L E S

After automatic analysis, FULL SAMPLEPHD spectra are prioritized.  The radionuclide

analysis software assigns the spectrum one of five levels. The logic of the prioritization

levels is shown in Figure 2 and Figure 3. Level 1 spectra contain only natural radionu-

clides and non-relevant radionculides at normal levels. Level 2 spectra contain natural

and non-relevant radionuclides at abnormal levels for that station.1 Level 3 spectra con-

tain one or more relevant radionuclides at normal levels for that station. Level 4 spectra

contain at least one relevant radionuclide at an abnormal level for that station. Level 5
16
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spectra contain more than one CLPS radionuclide at an abnormal level for that station,

with one of these radionuclides being a fission product. Both Level 4 and Level 5 spectra

require that additional atmospheric location analyses are performed. The Level 5 spectra

also require additional analytical methods to be performed by IMS radionuclide labora-

tories. The prioritization processing is explained in detail in [IDC7.1.10Rev2]. The list

of CLPS radionuclides can be found in [CTB00b].

FIGURE 2. PARTICULATE SAMPLE PRIORITIZATION/
CHARACTERIZATION

Although there are now two different characterization algorithms used in the Detection

Processing software (exponentially weighted moving average and recent distribution

calculation) [IDC7.1.10Rev2], it is still advisable that all spectra from a given IMS sta-

tion be reviewed in chronological order based on the filter collection times. This method

of review will always ensure that the characterization statistical filter values are cor-

rectly maintained. 

1. It is not possible to have two noble gas samples due to the inherent nature of the separation process used to obtain 
samples.
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FIGURE 3. NOBLE GAS SAMPLE PRIORITIZATION/CHARACTERIZATION

Each radionuclide analyst is generally responsibile for reviewing samples from a num-

ber of IMS stations. Review responsibilities are generally assigned by the radionuclide

Lead Analyst or the unit head of Radionuclide Operations. Each day, the analysts may

look in the Sample Assignment Queue to see the processed FULL SAMPLEPHD files

that require interactive review. Spectra are generally prioritized with respect to their

automatic prioritization levels. Level 5 (multiple relevant radionuclides at abnormal lev-

els) spectra are reviewed first. Level 1 (typical background) spectra are last in priority.

Within each automatic prioritization level, spectra are further prioritized based on how
18
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long they have been in queue. The longer a given spectrum has been in the queue, the

higher the priority it receives. All spectra should generally be reviewed within 1 day of

receipt.

M U L T I P L E  A N A L Y S T  R E V I E W  TO O L

The Multiple Analyst Review (MAR) Tool is designed to aid in the spectral review pro-

cess. This tool administers the assignment of samples for review. Analysts may open the

Sample Assignment Queue from the Spectrum pull-down menu in Inspectra (Spec-

trum>Sample Assigment Queue). An example of the Sample Assignment Queue is

shown in Figure 4. The analyst selects the appropriate role identity from the drop-down

menu in the lower right corner. All the samples to be reviewed are then displayed, and

may be selected and opened in Inspectra.

FIGURE 4. MAR TOOL SAMPLE ASSIGNMENT QUEUE
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VE R I F I C A T I O N  O F  S A M P L I N G  
M E T R I C S

To begin spectral review, a radionuclide analyst selects the spectrum with the highest

prioritization from their queue. This spectrum is then opened with the Inspectra tool. A

detailed description of the Inspectra tool may be found in [IDC6.5.10Rev2]. Once

opened, the first step in spectral review is to check the sampling metrics. 

The first step in determining if everything was collected in a normal manner is to look at

the station and general comments. If anything abnormal occurred during the sampling or

gamma-ray acquisition, the station operator will often place a station comment within

the SAMPLEPHD file. This comment can be viewed by choosing the View Station

Comments option from the Spectrum menu. (Spectrum>View Station Comments).  At

this time, the radionuclide analyst should also view the general comments (Spec-

trum>View General Comments). The pipeline engineers at the IDC may insert general

comments about problems with the automatic sample process, or steps taken to manually

re-analyze the sample. At present, all ARIX SAMPLEPHD will likely have to be manu-

ally reanalyzed due to the unique nature of the data.

The next step in reviewing the sampling metrics is to look at the flow-rate, sampling

time, decay time, and acquisition time. These values are labeled FR, ST, DT, and AT in

the Inspectra window (see Figure 5), respectively. An analyst who is familiar with a sta-

tion’s sampling methodology should be able to recognize if these values are normal for

the station. If a station’s sampling methodology is not familiar, the analyst may check the

sample detail dialog (Reports>Sample Detail) . Figure 6 shows the sample detail dialog,

which provides the average quantity, sampling time, decay time, and acquisition time for

the station of interest. The average values are calculated from the spectral data collected

over the previous month at that station.
20
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FIGURE 5. INSPECTRA WINDOW
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FIGURE 6. SAMPLE DETAIL DIALOG

The report on the database quality flags (Reports>Database Quality Flags) provides

additional information with regard to the sampling and timeliness metrics (see Figure 7).

The database flags were created to provide basic information with regard to the quality

and timeliness of particulate spectra. The database flags report provides information on

the flow-rate, 140Ba minimum detectable concentration (MDC), 7Be full width at half-

maximum (FWHM), 40K location difference, normalized gain difference, relevant time-

liness information, and the time difference between the receipt of the raw spectrum data

and the creation of the data flag report. 

Any abnormalities in the sampling metrics deserve further investigation. This often

requires contacting the station to ascertain if the abnormal value is an inadvertent error

or is representative of the true value. All abnormalities in the sampling metrics, as well

as corrections made to these values, should be noted in the general comments (Process-

ing>Add General Comment) and the station should be contacted through internal proce-

dures set up by the Comprehensive Nuclear Test Ban Treaty Organization (CTBTO).
22
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FIGURE 7. DATABASE QUALITY FLAGS (PARTICULATE SAMPLES ONLY)

VE R I F I C A T I O N  O F  C A L I B R A T I O N

Three calibration equations are used in the analysis of high-resolution gamma-ray spec-

tra: 1) energy versus channel regression (ECR), 2) resolution versus energy regression

(RER), and 3) efficiency versus energy regression (EER). The ECR and RER are spec-

trum specific and are calculated during the analysis process. The calibration equations of

the most recent prior (MRP) spectrum from the same detector are most often used as a

starting point. The major peaks in the spectrum are found and identified. These peaks are

used to update the energy versus channel and resolution versus energy regression equa-

tions. The results are termed the ECRU and RERU, respectively. The EER is not updated

for every spectrum. The EER is derived from the most recent calibration at the station;

the pair data for the efficiency calibration is provided in the PHD file. Details about the

calibration equation calculations are given in [IDC5.2.2Rev2]. For information on cali-

bration equations for analysis of ARIX samples, see [Pop01].

The first step in verifying the calibration of the sample is to examine the spectrum in a

view that displays the entire energy range. The radionuclide analyst should be able to

pick out the primary lines of the spectrum and verify that they are present and in the cor-

rect energy vicinity. Large peaks utilized for this step normally include the 238 keV peak

of 212Pb, the 477 keV peak of 7Be, the 583 keV peak of 208Tl, and the 1460 keV peak of
40K. With normal sampling methodology, all of these peaks should be visible in the

spectrum, as shown in Figure 5. If these peaks are not present, then the analyst should
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investigate their absence. Sometimes the peaks may be present, but at the wrong energy.

This is indicative of a gain shift in the detector’s amplifier and the spectrum should be

manually re-analyzed. Instructions for manual sample analysis can be found in the “Pro-

cessing Tools” chapter of [IDC6.5.10Rev2] and in [Pop01] for ARIX samples. Gener-

ally, the calibration update is capable of handling most gain shifts. Large gain shifts may

result in a failed automatic analysis. 

The radionuclide analyst should also briefly examine the spectrum to ensure the detector

resolution is appropriate. To do this for particulate samples, expand the display on the

477 keV 7Be line. The FWHM of the peak should appear to be less than 2 keV. This is

not a precise way to determine the FWHM, but it provides a general impression. (The

analyst should mark this FWHM estimate for comparison with the automatic analysis

results.) If the resolution of the spectrum is too high, it is likely the result of detector

electronics problems and the IMS should be notified. The analyst should also be alert for

“shadow peaks” next to the large peaks in the spectrum. These peaks are the result of

amplifier oscillations or shifts during the gamma-ray spectrum acquisition. These prob-

lems may result in an unusable spectrum for quantitative radionuclide analysis. Spectra

that cannot be used for quantitative results are usually marked "Viewed" and are not

released; however, other actions may be taken if CTBT-relevant radionuclides are

present in the spectrum. These checks of the detector energy and resolution calibrations

should only take seconds for an experienced radionuclide analyst. 

Next, calibrations are investigated by observing the reports available in the Calibration

menu. The first report is the calibration equations dialog (Calibration>Equations)  (Fig-

ure 8). It may take time for an analyst to become familiar with the correct fit variables in

these equations. In general, the ECR for a 4096 channel spectrum with a range of 2 MeV

should have a slope just under 0.5 (the slope is the second coefficient in the equation).

The RER is a square-root function. Only two variables are fit in this equation and they

may change on a detector-by-detector basis. The third calibration function is the EER.

This equation is complex and the analyst is not expected to be familiar with the range of

variables fit to this equation.
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FIGURE 8. CALIBRATION EQUATIONS

The calibration pairs dialog (Calibration>Pairs) is the next report an analyst should view

in verifying the detector calibration (Figure 9). These are the data used to fit the calibra-

tion equations listed above. It is important to realize that the energy and resolution pairs

are a result of the automated analysis process for that individual spectrum. In a particu-

late sample spectrum, the energy and resolution pairs are from natural radionuclide

peaks in the gamma-ray spectrum. A reference list of peaks expected to be found in each

spectrum, based on sample and detector type, is stored in the database. The analyst

should note what natural peaks were found. If some of the major natural peaks in the

spectrum were not used for the energy and resolution calibration, the analyst should

investigate further. The efficiency pair data originate from the last CALIBPHD acquired

for that detector. All values should be reviewed to make sure they fall into a realistic

range.
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FIGURE 9. CALIBRATION PAIRS DIALOG

The plots of the energy, resolution, and efficiency calibrations should be reviewed next

(Calibration>Energy Function Plot, Calibration>Resolution Function Plot, and Calibra-

tion>Efficiency Function Plot). Examples of these plots are given in Figures 10, 11, and

12, respectively. The energy function plot is actually a discrepancy plot, while the reso-

lution and efficiency function plots are the graphs of the actual RER and EER, respec-

tively. The energy discrepancy is the difference between the actual energy calibration

and a perfectly linear calibration. The analyst should look for large outliers in these plots

and verify that the fitted equations properly fit the data over the entire calibration range.
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FIGURE 10. ENERGY FUNCTION PLOT DIALOG

FIGURE 11. RESOLUTION FUNCTION PLOT DIALOG
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FIGURE 12. EFFICIENCY FUNCTION PLOT DIALOG

R E V I E W  O F  R E P O R T S

The radionuclide analyst should examine the reports once the sampling metrics and

spectral calibration are reviewed. The analyst should already know the prioritization

level from the Sample Assignment Queue. Nuclide prioritization levels, activities, and

statistical prioritization limits may be found in the Categorization report (Reports>Cate-

gorization). A detailed description of nuclide prioritization may be found in

[IDC6.5.10Rev2]. During review, the analyst should pay special attention to CTBT rele-

vant nuclides [CTB00b].

Next, the analyst should select the peak search summary report (Reports>Peak Search

Summary). This report provides the analyst with the number of lines (peaks) found in the

spectrum, the number of lines associated with nuclides, the number of lines not associ-

ated with nuclides, and the percent of lines associated with nuclides. The number of

peaks found in a gamma-ray spectrum greatly depends on the station location, detector,

sampling methodology, and processing parameters. In general, an analyst may expect to

find 30 to 50 peaks in a particulate spectrum. Out of those peaks, more than 90% should
28
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be associated with a nuclide. Due to sample separation processing at the station, very

few peaks will generally be found in noble gas spectra. An analyst should investigate

cases outside of these nominal bounds.

The radionuclide activity summary report should also be helpful to the radionuclide ana-

lyst (Reports>Radionuclide Activity). All quantified radionuclide activity concentra-

tions are listed in this window. Some natural radionuclide activity concentrations are not

quantified due to the complexity of concentration calculations for radionuclides in a

decay chain; see [IDC5.2.2Rev2] for more information on how nuclides are quanitifed.

The MDC (Reports>Minimum Detectable Concentrations) report should be examined to

ensure that the MDCs are at acceptable levels. The MDC is a function of many parame-

ters including sampling methodology, station background activity levels, as well as

detector background activity levels. The analyst should be familiar with the range of

MDCs observed at a given station. If the analyst is not familiar with the range of normal

MDCs for a given detector, then they may be plotted with the Trendvue application

[IDC6.5.10Rev2]. The radionuclide analyst should be mostly concerned with verifying

that the MDCs are within a normal range, as well as checking them against the IMS cri-

teria. The MDC is a good metric of the station SOH and the analyst should report notable

degradations in MDCs to the IMS. Some of the radionuclides (for example, 99Mo) may

not always be below the maximum allowable MDC. The analyst should be familiar with

such cases and should know what MDCs are acceptable for a given station. The MDCs

usually trend together. Quite often, monitoring the state of one MDC (such as 140Ba) will

show the behavior of the other MDCs.

The peak search report (Reports>Peak Search) is the last report an analyst should review.

This report is large and should be reviewed in detail (Figure 13). Consequently, it will

take more time than the other reports. The Peak Search report contains information for

each peak regarding the centroid energy, centroid channel, multiplet flag, background

subtraction flag, channel width of the corresponding Region of Interest (ROI), FWHM,

width ratio (fitted peak width divided by expected peak width), area, area uncertainty,

peak significance, calculated Lc value, nuclide identification, and analyst comments. An

analyst may sort this report by any of the corresponding fields by selecting the column
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header. During review, this report is normally sorted with respect to either peak energy

or nuclide. The results for all anthropogenic nuclides as well as the natural nuclides used

for characterization should be reviewed. 

FIGURE 13. PEAK SEARCH DIALOG

As shown in Figure 13, peaks are sometimes associated with multiple radionuclides.

This particular peak search report shows peaks found in the low-energy region of a par-

ticulate sample. In almost every particulate spectrum, the Canberra nuclide identification

process associates multiple radionuclides for the peaks in this region. It is the analyst’s

job to determine the correct nuclide identification for these peaks. If an analyst believes

a nuclide identification to be incorrect, then the nuclide should be removed from the

activity summary (use the “Remove Nuclide” button in the Peak Search Dialog) and the

line(s) in the peak search dialog should be properly commented. The toolbar buttons on

the side of the peak search dialog window allow the analyst to view comments, add com-

ments, note detector contamination, modify comments, view line activities, remove

nuclides, add back removed nuclides,   and show peak graphs in the main Inspectra win-

dow. Inspectra only allows analysts to modify their own comments on spectra that have

not been released. 
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Table 1 lists comments added to a specific peak in the peak search report for a particulate

sample from the Vancouver, Canada station. For this sample, 99mTc was removed from

the activity summary report, but only after the sample was passed on for senior-level

review. The operational policy for removal of nuclides is set by the Director of Radionu-

clide Operations and is likely to be station-specific. 

 In order to aid the analyst in determining the validity of the peak search results, a scatter

plot displaying the Canberra Peak Significance vs. Peak Search Sensitivity (PSS) for

each peak found during analysis is now available (see Figure 14). In addition to the scat-

ter plot, a table with peak search results is provided.  Most of the columns displayed in

the table are identical to those found in the Peak Search window, with the exception of

the PSS column.  The analyst can zoom into the plot by depressing the SHIFT key and

TABLE 1: PEAK SEARCH REPORT COMMENTS 

Energy 
(keV) Nuclide Comment

140.06 75mGe The peak near 140 keV has two possible explanations: 75mGe 
(product of the detector material activation by cosmic radiation) 
or 99mTc (fission product). Both nuclides are monoemitters and 
their primary line energies are so close in energy so that with the 
current peak centroid energy uncertainty it is difficult to differen-
tiate one from the other by centroid energy alone.

140.06 99mTc This nuclide was removed from the Activity Summary section 
because in the analyst’s judgment the nuclide was not present; 
some nuclides may be removed because their activity calcula-
tions are not meaningful (they are identified, not quantified).
99Mo, "parent" nuclide for 99mTc, is absent in this spectrum 
which leads to the conclusion that this spectrum is not the direct 
result of a fission event release. However, the detection limits for 
the two nuclides are such that 99Mo could be present at levels just 
below the level of detection and 99mTc could be present at levels 
just above the level of detection. 

The peak near 140 keV has two possible explanations: 75mGe 
(product of the detector material activation by cosmic radiation) 
or 99mTc (fission product). Both nuclides are monoemitters and 
their primary line energies are so close in energy so that with the 
current peak centroid energy uncertainty it is difficult to differen-
tiate one from the other by centroid energy alone.
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the left mouse button simultaneously.  The analyst has the option to display each of the

plot axes in either linear or log format by simply clicking the buttons provided.  When a

user selects a point on the scatter plot, the corresponding row in the table is highlighted.

A Show Graph toolbar button like the one in the Peak Search Dialog window is pro-

vided, so the user can zoom into the graph area on the main Inspectra window. 

FIGURE 14. PEAK SIGNIFICANCE/PSS DIALOG

All CTBT-relevant anthropogenic radionuclides should be examined with the compare

feature (see Figure 15). The FULL spectrum can be compared with any of the PREL

spectra associated with the current filter sample, in order to confirm the presence of a

specific  peak.  Radionuclides with short half-lives should stand out in the preliminary

spectra. Comparisons between the PREL and FULL spectra may also be utilized to cal-

culate radionuclide half-lives. This is especially useful for differentiation between 99mTc
32
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and 75mGe, given the fact that both nuclides are mono-emitters, with a single emission

line at nearly the same energy location. Comparison of PREL and FULL spectra may

also be useful to confimr the pressence of 131mXe, 133mXe, and 135XE in noble gas sam-

ples. If a radionuclide found in the FULL spectrum is used in calibration sources, then

the most recent blank or detector background spectra should be examined for contamina-

tion. 

FIGURE 15. COMPARE FUNCTION

 Table 2 lists nuclides often used in calibration sources.
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While reviewing the peaks in a spectrum, the analyst should verify that they are fit prop-

erly. This is especially true for anthropogenic radionuclides. To aid in determining the

quality of a peak fit, the analyst may use the residuals plot (see Figure 16). Good peak

fits will have small residuals. Corrective action can be taken to modify the peak fit with

the Region of Interest (ROI) interface (Options>ROI) (see Figure 17). To modify a peak,

proceed as follows.

TABLE 2: RADIONUCLIDES COMMONLY USED IN CALIBRATION 
SOURCES

Nuclide Half-life

51Cr 27.7 days

54Mn 312 days

57Co 272 days

60Co 5.27 years

85Sr 64.8 days

88Y 107 days

109Cd 462 days

113Sn 115 days

123mTe 120 days

131mXe 11.9 days

133Xe 2.19 days

133Ba 388 days

137Cs 30.2 years

139Ce 137.6 days

152Eu 13.5 years

154Eu 8.59 years

203Mg 46.6 days

241Am 432.2 years
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1. Click the Left button, then click on the spectrum where the left bounds of the

peak ROI should be located.

2. Click the Right button, then click on the spectrum where the right bounds of

the peak ROI should be located.

3. Click the Add button, then click on the spectrum where the peak centroid

should be located. This step can be repeated to insert additional peaks in the

ROI.

4. Click Calculate.

To review the change made to the original spectrum, click the Differences button. To

save the ROI modification, select OK or Apply. 

FIGURE 16. RESIDUALS PLOT
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FIGURE 17. REGION OF INTEREST DIALOG

R E V I E W I N G  F O R  TY P E  I  A N D  TY P E  I I  
A U T O M A T E D  P E A K  S E A R C H  E R R O R S

The next step in the review process is to inspect the automatic analysis peak search

results for Type I and Type II errors. A Type I peak search error is a peak found by the

automatic search algorithm that is not an actual peak; rather, it is a statistical deviation in

the baseline. A Type II peak search error is an actual peak that the automatic search algo-

rithm did not find. The declaration of Type I and II errors rely heavily on the expert

judgement of the analysts. 

An analyst could spend a considerable amount of time searching the spectrum and cor-

recting all Type I and II peak search errors. To improve the efficiency of the interactive

review process, an analyst is usually directed to only look for Type I and II errors for
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nuclides that affect the sample characterization. Analysts should concentrate their

review to focus on the CTBT relevant radionculides. Unidentified peaks should also be

examined to ensure the nuclide identification process is working properly.

In order to help the analyst with determination of Type I errors, the Inspectra Peak

Search window shows both the critical level (Lc) and the peak significance (Peak Sig)

for each peak. The Lc is the net signal level above which an observed signal may be reli-

ably recognized as detected [Cur68]. Lc is calculated at the default confidence level of

95%. However, the confidence level may be changed by altering the Lc abscissa in the

processing template. The peak significance is the calculated peak area divided by Lc.

A special tool has also been implemented in Inspectra to help with the determination of

Type I and Type II errors.  This tool provides an analyst with the ability to overlay a

pseudo Lc peak in any energy region of a given spectrum. To plot the Lc peak, an analyst

must click the right mouse button on the baseline where the questional peak structure

exists. An example of an Lc peak plot is given in Figure 18.
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FIGURE 18. LC PEAK OVERLAY

The analyst begins by reviewing Type I errors using the peak search dialog

(Reports>Peak Search). The report may be sorted by nuclide; this will place all unidenti-

fied peaks at the top of the report. The Show Graph button can be used to visually exam-

ine the unidentified peaks. The analyst should add a comment to each unidentified peak.

stating whether the peak is real or not and correctly identifying it. If the peak is real and

the analyst is not able to determine the identification, the peak should be labeled

“unknown emitter.” Many default comments are provided in the Add Comment window.

The width ratio (W-Ratio) in the peak search report is helpful for determining Type I

peaks. This is the ratio of the fitted peak FWHM to the FWHM determined by the RER

at that energy region of the spectrum. A peak with a FWHM ratio near 1 has a fit com-

mensurate with what is expected. Peak width ratios less than 0.5 are often Type I errors

in peak processing. A peak with a width ratio above 1.5 should be examined as a poten-

tially unresolved multiplet.
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After all the unidentified peaks are examined, the spectrum should be reviewed for

CTBT relevant nuclides. These are the nuclides that affect characterization. Natural

peaks of 7Be and 212Pb as well as all anthropogenic peaks identified in the particulate

spectra should also be examined. The analyst should make sure that the peaks are real

and that the identifications are correct. If the primary lines for 7Be and 212Pb are not

present in the particulate spectra, then the analyst should determine the cause. These nat-

ural radionuclides should be present in all FULL particulate sample spectra. The analyst

should take corrective action if the peaks identified as resulting from CTBT-relevant

nuclides are not real, or are incorrectly identified. An analyst may adjust the fit of a peak

through the ROI interface (Options>ROI) or remove a nuclide identification with the

Remove Nuclide button in the peak search dialog (Reports>Peak Search). An analyst

should note all Type I errors in peak processing in their analyst notes.

The search for Type II peak processing errors is facilitated by the nuclide review tool

(Options>Nuclide Review). Figure 19 is an example of the nuclide review tool window.

This tool displays up to four spectrum regions that correspond to four of the most abun-

dant lines of a chosen nuclide. The menu bar on the right side of the tool contains a list of

nuclides. To examine the spectrum for a given nuclide, the analyst clicks the button cor-

responding to that nuclide. The analyst should examine the channels in the spectrum at

the energy location where the peaks are expected to be found. Pseudo peaks are plotted

in the nuclide review tool to help the analyst determining if a nuclide is present. Default

pseudo peak sizes correlate to the peak area that would result if the nuclide of interest

was present at an atmospheric activity level equivalent to 1 MDC. The list of nuclides in

the nuclide review tool are user-defined. 

If a relevant radionuclide is found by an analyst in the Type II error search, the peak

should be inserted with the ROI interface (Options>ROI). All peaks that are inserted or

modified should undergo senior-level review. 
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FIGURE 19. NUCLIDE REVIEW TOOL

R E L E A S I N G  S P E C T R A

Upon completion of review, the analyst opens the release window (Processing> Release

Sample). From the Sample Release window (Figure 20), the analyst reviews the prioriti-

zation of the radionuclides and all comments made about the sample. The analyst has the
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option to release the sample, release the sample without categorization, mark other (V -

viewed, T - bad calibration, or H - hold for review), pass to another role, or cancel the

release. 

FIGURE 20. SAMPLE RELEASE WINDOW

The Pass to Role feature is utilized for the small percentage of samples that require addi-

tional review by IDC staff. This review is performed on radionuclide sample spectra that

have had peak modifications, peak additions, or judged by the radionuclide analyst to be

problematic or abnormal. The MAR Tool is set up to facilitate multiple levels of review.

From the release window, analysts can automatically forward a spectrum for review to
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the roles of lead analyst, processing engineer, scientist, and director of operations.

Because several persons may share such roles, and the active review of samples can

adversely affect Inspectra, it is highly recommended that the persons sharing the role to

communicate to one another for the purpose of deciding who should perform the high-

level review before opening the sample in question.

As described above, a radionuclide analyst may use the ROI interface to add or modify

peaks. This alteration may affect the characterization level of a sample. Such peak mod-

ifications and additions usually require the review of additional IDC staff. This addi-

tional review will ensure that the correction was necessary and performed correctly.

Problematic spectra fall into two categories: 1) low quality spectra (for example, detec-

tor resolution is very bad or the system had a notable gain shift during collection), or 2)

spectra that had difficulty with the automatic analysis. For low quality spectra, the

senior-level reviewers usually diagnose the problem and notify the IMS. For spectra that

encountered difficulties with the automatic analysis, the senior-level reviewer will deter-

mine the source of the automatic processing difficulty and institute corrections. Many

times, spectra that are of low quality are just marked “Viewed” and are not “Released.”

This prevents the propagation of bad data.

Abnormal spectra usually require senior-level review. Abnormal spectra are those that

contain radionuclides not normally observed at a given station or spectra that contain

normally seen radionuclides at abnormal levels. Currently, senior-level review should

focus mainly on abnormalities in radionuclide concentrations in CTBT relevant radionu-

clides. However, spectra that contain grossly abnormal concentrations of any radionu-

clide should be referred by the radionuclide analyst for additional review. The senior-

level reviewer can verify the presence of the abnormal radionuclide, ensure that its con-

centration was calculated correctly, and initiate further action that may be required if the

spectrum is characterized as a level 4 or 5. The senior-level review process also works to

ensure that the statistical prioritization of normally observed radionuclides is functioning

properly. If the prioritization process is producing too many (or too few) abnormal

instances, then the parameters of the statistical filter should be examined and perhaps

changed. After senior-level review of an abnormal spectra, the sample is usually marked

“Released,” unless a problem was noted.
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After senior-level review, it may be necessary to request a new detector background

spectrum be acquired at the station. Having an updated DETBKPHD can clear up any

detector contamination cases. A few detector contamination cases should be expected

each year.

S U M M A R Y

The radionuclide review process is performed on every FULL SAMPLEPHD spectral

file received from the IMS. The purpose of this review process is to monitor the station

SOH, verify the automatic analysis results, and to correct any problems that significantly

affect the sample characterization. This review process should take around 15 minutes

for an experienced analyst. While the majority of sample spectra are reviewed and

released by the analyst, some spectra require senior-level review. Further review at a

senior level should provide additional insight into problematic and abnormal spectra.

The result of this team effort is a high quality data output by the IDC.
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Chapter 2:  I n t e r a c t i v e  R e v i e w  o f  
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This chapter is a guide for analysts reviewing 3-D beta-gamma coincidence data from

IMS noble gas stations and includes the following sections: 

■ Introduction

■ Sample Prioritization

■ Verification of Sampling Metrics

■ Verification of Calibration

■ Nuclide Review

■ Type I and Type II Errors

■ Senior Level Review
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I N T R O D U C T I O N

The review process for 3-D beta-gamma coincidence data is similar to that used for high

resolution gamma-spectroscopy (see Figure 21). There are differences in the details,

however, because of the different nature of the data and the distinct capabilities of the

Coincident Radiation Interactive Analysis Tool (CORIANT).

Interactive review of automated results occurs for every FULL SAMPLEPHD received

at the IDC. The purpose of this review process is to monitor station SOH and to verify or

correct the automatic analysis results. The interactive review process for samples from

β-γ coincidence systems should take less time than those from high-resolution gamma

spectroscopy systems because the number of possible nuclide signatures is significantly

reduced. Only four radioxenon isotopes (131mXe, 133Xe, 133mXe, 135Xe) and possibly

radon daughters (mainly 214Pb) are detected by such systems.

While most samples are reviewed and released by the analyst, some samples require

senior-level review. Senior-level review provides for additional expertise and more

insight into problematic or abnormal samples. With the analyst review, the goal of this

team effort is an accurate and unbiased analysis of the sample data.

S A M P L E  P R I O R I T I Z A T I O N

During automatic analysis, each sample is assigned a priority number. The logic of the

prioritization is similar to that for particulate samples. (See Figure 3 on page 18.) The

only difference is that there is no Level 2 priority. This is because the noble gas units are

designed to remove particulates and non-xenon noble gases from the sample, including

those that occur naturally. It is possible to observe β-γ coincidence signatures from the

daughter products of radon when the noble gas units are not working optimally or when
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the units are placed in areas with high radon concentrations. Although this may be the

case, it is still impossible to utilize the β-γ coincidence data to quantify the actual air

concentration of radon because the separation efficiency of this nuclide is not reported.

Without the ability to quantify the air radon concentration, it is impossible to assign a

priority level of 2 to noble gas samples. 

All four possible radioxenons (131mXe, 133Xe, 133mXe, and 135Xe) are CTBT-relevant

anthropogenic radionuclides. Their presence can trigger a level 3, 4, or 5 depending on

the quantity and number present in the sample. A summary of the nuclides identified and

quantified can be found by clicking the Report pull-down menu and selecting the

Release window (Report>Release) in CORIANT. Nuclides with net counts above the Lc

are identified.

Even though new, more time independent categorization filters have been included in

this version of the software, and it is recommended that analysts review samples in chro-

nological order on a detector basis. This ensures that the prioritization/characterization

statistical limit values are properly maintained and that an analyst who is familiar with a

station’s particular characteristics is reviewing the data. It is also advantageous to first

review samples from stations that have a Level 4 or 5 sample. This guarantees that high-

priority samples are given proper attention.

Noble gas samples acquired via β-γ coincidence detection are automatically assigned to

each analyst by the MAR Tool (which is configured according to the design from the

head of Radionuclide Operations). By selecting Spectrum>Assignment in CORIANT, an

analyst can access a list of noble gas samples acquired via β-γ coincidence detection that

are assigned to him/her. Samples can be opened from the Assignment window. See the

chapter on CORIANT in [IDC6.5.10Rev2] for more information on the use of this

review tool.

VE R I F I C A T I O N  O F  S A M P L I N G  
M E T R I C S

Once a sample is opened and the analyst is familiar with the nuclides that have been

identified and quantified, it is useful to check the sampling metrics for any irregularities.

In many cases, station operators report the occurrence of such irregularities in the
48

o r  R a d i o n u c l i d e  D a t a

e r  2 0 0 1



49

▼

C ha p te r  2 :

In t e rac t ive  Re v i ew  o f  3 - D  B e ta -
ga mm a C o inc ide nc e  Da ta

[ C a t e g o r y  o f  D o c u m e n t ]

I D C  D O C U M E N T A T I O N
#Comment block of the SAMPLEPHD. This text can be viewed by selecting

Report>Station Comments in CORIANT. Comments made by IDC staff about the sam-

ple can be found in Report>Comments.

Sampling metrics that are useful to review include sampling time (hrs), decay time (hrs),

acquisition time (hrs), and volume of stable xenon (cm3). All of these parameters are

located in the Histogram tab of CORIANT on the lower left corner as illustrated in Fig-

ure 21. For analysts not yet familiar with the operations of a particular monitoring unit,

the database can be directly queried for average values of station-specific sampling met-

rics using SQL. These should be checked against applicable IMS Operating Require-

ments.

Because of the direct effect of the sampling metrics on the ability of a station to monitor

CTBT compliance, any abnormalities in these parameters should be investigated. Dialog

with station operators through the appropriate channels may provide additional informa-

tion about the sample in question. Notifying the IMS of the abnormality may also be

required. Please refer to the appropriate IDC operations procedures for information on

handling such cases.
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FIGURE 21. HISTOGRAM TAB IN CORIANT
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VE R I F I C A T I O N  O F  C A L I B R A T I O N

Regardless of sample type or detector type, calibration data for the following three

parameters are reported in all SAMPLEPHD: energy, resolution, and efficiency. Each

will be discussed in turn with respect to the interactive review of β-γ coincidence data

from noble gas stations.

E n e r g y  C a l i b r a t i o n

In a β-γ coincidence detection system, there are two detectors that must be calibrated for

energy: the beta detector and the gamma detector. Energy pairs for each detector are

reported in the #b_Energy blocks and #g_Energy, respectively, in the SAMPLEPHD.

These energy pairs are used to devise ECR equations to convert channel units to keV as

described in “Analysis of Beta-Gamma Coincidence Data” in Chapter 2 of

[IDC5.2.2Rev2]. The ECR equations for the beta and gamma axes can be viewed by

selecting Report>ECR in CORIANT.

To determine whether these equations are appropriate for the sample, display the ROI

boxes in the Histogram window of CORIANT. To do this, select Report>Roi and click

on all the boxes at the bottom of the window: Pb-214, Xe-131m, Xe-133, Xe-133m, and

Xe-135. If the ROI boxes do not directly overlay the signatures of identified radionu-

clides, then there is a problem with the energy calibration. If the boxes are higher or

lower than the radionuclide signatures, then the energy calibration of the gamma detec-

tor is off. It is harder to determine the goodness of the beta detector energy calibration.

The best way to do this is to scrutinize the Xe-131m and Xe-133m ROIs when either of

these metastable radioxenons are present in a sample. Depending on the station location,

the presence of these metastable radioxenons can be very infrequent to always absent.

Because of this problem, it is important that the detector be calibrated on a regular and

frequent schedule.  If there appears to be a problem with the energy calibration, the sam-

ple can be reanalyzed with a different ECR.  See Chapter 4 of IDC6.5.10rev2.  

If it is difficult to distinguish the radionuclide signatures in the histogram plot, the

Gamma Graph and Beta Graph options from the Report menu in CORIANT may be use-

ful. These are plots of the beta-gated gamma spectrum and gamma-gated beta spectrum,

respectively. They are plotted by adding the counts in each row or column of the histo-
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gram for each respective plot. It is easy to see peaks in these graphs. Also helpful are the

Beta-Gated Gamma Graph and Gamma-Gated Beta Graphs in each nuclide tab window.

These are the beta-gated gamma spectrum and gamma-gated beta spectrum valid within

that specific ROI. These graphs are even more helpful than the Gamma Graph and Beta

graph since the energy spans of the spectra are those defined by the ROI limits.

R e s o l u t i o n  C a l i b r a t i o n

Resolution pairs for each detector (gamma and beta) are reported in the

#g_Resolution and #b_Resolution blocks, respectively, in the SAMPLEPHD.

This information is not currently used in the data analysis. The ROI bounds are depen-

dent on the resolution values, but are reported directly from the station and help define

the β-γ coincidence efficiency.

E f f i c i e n c y  C a l i b r a t i o n

Three types of efficiency may be reported to the IDC for β-γ coincidence detection sys-

tems: gamma efficiency, β-γ coincidence efficiency, and total gamma efficiency. Gamma

efficiency pairs are reported in the #g_Efficiency block of a SAMPLEPHD. This

efficiency type is not currently used for analysis. Beta-gamma efficiency is reported in

the #b-gEfficiency block of a SAMPLEPHD and is used for converting net counts

in a ROI to activity. This type of efficiency is directly dependent on the ROI bounds

specified in the #ROI_Limits block. Because of this, analysts cannot change the ROI

bounds to better fit the radionuclide signatures, although the ECR can be adjusted (see

chapter 4 of IDC6.5.10rev2). Sometimes ROI bounds purposefully do not contain an

entire radionuclide signature of interest because interference may be likely, for example,

in the high beta energy region. Also dependent upon the ROI limits are the count ratios

reported in the #Ratios block. The β-γ coincidence efficiencies may be viewed in bar-

graph form by selecting Report>EER Graph in CORIANT. It is not possible to derive a

meaningful regression equation for the beta-gamma coincidence efficiency because it is

dependent upon the beta or conversion electron energy, the gamma or X-ray energy, and

the bounds of the ROI. The last efficiency type, the total gamma efficiency pairs, is
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optional and reported in the #TotalEff block of a SAMPLEPHD. Like the gamma

efficiency, this efficiency type is not currently used for beta-gamma coincidence data

analysis.

Although the only monitorable efficiency type is the β-γ coincidence efficiency, there is

no easy way to determine if the values are reasonable for that sample. Again, the perfor-

mance of regular detector calibrations at the station is important for verifying that the

values are up-to-date and valid.

C a l i b r a t i o n  S o u r c e s

Beta-gamma coincidence counting systems designed for CTBT verification purposes are

new. Several different calibration sources have been used by different design and devel-

opment teams. The table below lists some of the radionuclides that have been used to

calibrate such systems.

TABLE 3: RADIONUCLIDES USED TO CALIBRATE BETA-GAMMA 
COINCIDENCE SYSTEMS 

Nuclide Half-life

109Cd 1.27 years

135Xe 9.09 hours

137Cs 30.0 years

152Eu 13.48 years

154Eu 8.60 years

207Bi 38.0 years

232Np 14.7 months

235U 7.04 x 108 years

252Cf 2.65 years
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N U C L I D E  R E V I E W

After verifying that the sampling and calibration metrics are in order, the analyst should

scrutinize the nuclide identification and quantification results. The sample prioritization

level, categorization level (if one has been assigned), radioxenon activity concentrations

with upper and lower statistical limits, and nuclide category numbers are summarized in

the Release window of CORIANT. Nuclides with net counts above Lc are identified. A

comparison between the net counts and the critical limit for each nuclide is displayed in

bar-graph form in the Count Compare window (Report>Count Compare). A break-down

of the gross counts in each ROI is illustrated in the Count Summary window

(Report>Count Summary). The percentage distribution between interference counts,

memory effect counts, Compton continuum counts, background counts, and net counts is

displayed in pie-chart form. See “Analysis of Beta-Gamma Coincidence Data” in Chap-

ter 2 of [IDC5.2.2Rev2] for an explanation on how each of these contributions to the

gross counts is determined by rms_xanalyze. Identical pie charts are located in each

nuclide tab window. 

To compare the current sample’s radioxenon activities to the previous month’s at that

station, select Report>Roi and right-click on the radioxenon of interest. This brings up

another pull-down menu from which the Concentration window may be chosen. From

the same pull-down menu, a plot of the MDCs for that nuclide for the past 30 days at that

station can be opened. This plot can be reviewed to verify that the MDCs are at accept-

able levels. The MDC values are dependent upon the amount of interference counts,

memory effect counts, Compton continuum counts, and background counts. If a large

percentage of the gross counts result from these sources, the MDC will be correspond-

ingly high. An in-depth discussion of determining MDCs for β-γ coincidence detection

systems can be found in [Bie01b].

To verify the presence of the memory effect in a sample, the GASBKPHD associated

with the sample can be viewed with CORIANT. Open the most recent GASBKPHD

from the same detector. The nuclides identified in the GASBKPHD will have memory

effect counts in the following sample.  It is possible to reanalyze a sample without using

the GASBKPHD.  See chapter 4 of [IDC6.5.10Rev2].
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The presence of background radiation, as measured in a DETBKPHD, will appear as

background counts in a ROI. The most recent DETBKPHD may be opened for viewing

using CORIANT to verify the presence of background radiation. It is important that such

counts be performed regularly at a station so that the information maintains its relevancy.

It is possible to reanalyze a sample without using the DETBKPHD.  See chapter 4 of

IDC6.5.10rev2.  

TY P E  I  A N D  TY P E  I I  E R R O R S

Currently it is not possible to add or remove nuclides with CORIANT.  If an analyst

believes they have found a type I or II error, he/she can add a comment to the sample by

selecting Report>Roi. The nuclide of interest is right-clicked and a comment may be

added to the sample. General sample comments can be added in the same manner.

The inability to add or remove nuclides using CORIANT also implies that the priority or

categorization level of a sample cannot be changed during interactive review. Therefore,

the analyst may do two things in this situation:

1. add comments to a sample to identify an incorrect priority/categorization

level, and

2. mark the sample as Viewed or Release without Categorization (instead of

Released).

Upon verification of a sample’s priority, sampling metrics, detector calibration, nuclide

identification results, and nuclide quantification, the analyst may release a sample if it

does not require senior-level review. This is performed through the Release window

from the Report pull-down menu. An analyst may also mark the sample as Viewed,

Release without categorization, or pass the sample on for senior-level review using the

same window.

S E N I O R  L E V E L  R E V I E W

Samples that require secondary review may be passed onto a lead analyst or the head of

Radionuclide Operations. This is usually done when there is a problem with the auto-

matic analysis results, the sample is abnormal, or to confirm a high priority level (level 4
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or 5). Additional comments may be added to the sample by selecting Report>Roi, as

described in “Type I and Type II Errors” above. At this time, it is not possible to change

the categorization level of a sample via CORIANT. Therefore, comments may be added

to a sample to identify an incorrect priority/categorization level and the sample may be

marked as Viewed (vs. Released).

Actions to take for abnormal or problematic samples are the same as those listed in

“Senior Level Review” in “Interactive Review Procedures for Gamma-ray Spectra” on

page 12. Please refer to this section for additional guidance if necessary.
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Symbols

2-D

Two-dimensional.

3-D

Three-dimensional.

β
Beta, as in beta particle.

γ
Gamma, as in gamma-ray.

A

acquisition live time

Time multichannel analyzer (MCA) elec-
tronics is available for processing pulse 
amplitude signals; equivalent to acquisition 
real-time less detector dead-time, reported 
in seconds.

acquisition start

When the detection system at a station 
commences sample acquisition.

activity

Decay rate of a radionuclide; this quantity 
is usually expressed in Becquerels (disinte-
grations per second), Bq.

anthropogenic

Man-made, not of natural origin.

ARR

Automatic Radionuclide Report. This 
report is a product of the automatic data 
processing and includes sections describ-
ing the sample information, prioritization 
results (noble gas only), sample activity, 
MDCs for key nuclides, peak search results 
and notes, processing parameters, update 
parameters, data quality flags, event 
screening flags, calibration equations, and 
field of regard.

ASCII

American Standard Code for Information 
Interchange. Standard, unformatted 256-
character set of letters and numbers.

B

background

Contribution to a spectrum from naturally 
occurring radionuclides as well as interac-
tions between radiation and materials in the 
vicinity of the detector.
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Becquerel

Unit of activity equal to one disintegration 
per second; denoted by Bq.

beta-gamma coincidence efficiency

Ratio of counts detected in a 2-D ROI to the 
actual amount of photons emitted by a sam-
ple in coincidence with an electron; 
depends on detector configuration, geome-
try, and ROI boundary limits.

beta-gamma coincidence event

Nuclear decay that produces both a gamma 
ray and a beta particle within a very short 
time scale. May also refer to other photon-
electron coincidence events such as an X-
ray with a conversion electron.

beta-gated gamma spectrum

Gamma spectrum in which all photons 
counted were detected in coincidence with 
an electron.

beta particle

Electron that is produced from a nuclear 
decay. May also refer to other electron radi-
ations, for example, a conversion electron.

BLANKPHD

Blank Pulse Height Data; ASCII data mes-
sage containing the pulse height data of an 
unexposed air filter, as well as other infor-
mation, in an IDC-approved format.

Bq

Becquerel.

C

CALIBPHD

Calibration Pulse Height Data; ASCII data 
message containing the pulse height data of 
a certified standard source, as well as other 
information, in an IDC-approved format. 
The data in a CALIBPHD are used to deter-
mine the ECR, EER, and RER.

calibration 

Process of determining the response func-
tion and sensitivity of an instrument or its 
derived channel.

calibration coefficients

Numbers that define the energy, resolution, 
and efficiency equations.

calibration energy

Part of the energy/channel pairs that make 
up a detector’s energy calibration data.

category

Number from 1 to 5 assigned to a radionu-
clide sample during interactive analysis 
indicating the presence of certain types of 
nuclides. Category 1 indicates a spectrum 
with normal natural nuclides while 5 indi-
cates spectra with multiple man-made 
nuclides.

centroid

Energy (in keV) or channel number at the 
center of a fitted peak.

certified laboratory

Radionuclide laboratories listed in Annex 1 
of the CTBT and including any laboratories 
that are certified by the IMS/IDC in the 
future.
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channel

An energy window (in keV) representing a 
differential increment of pulse height.

click

Select an element on the screen by position-
ing the pointer over the element, then press-
ing and immediately releasing the mouse 
button.

cm

Centimeter.

CMR

Center for Monitoring Research.

collection start time

Time at which the collection equipment at a 
station commences sample collection.

comments

Free text field containing comments made 
by a station operator or IDC analyst.

concentration

Activity per unit volume of air.

CORIANT

Coincident Radiation Interactive Analysis 
Tool.

counts

Number of pulses observed within a spec-
trum channel.

critical level

Minimum net counts that must be contained 
in an ROI for reliable nuclide detection 
(Lc).

CTBT

Comprehensive Nuclear Test-Ban Treaty.

D

d

Day(s).

data type

Kind of data in a data message. R: Radio-
nuclide data types include: 
ALERT_FLOW, ALERT_SYS, 
ALERT_TEMP, ALERT_UPS, ARR, 
BLANKPHD, CALIBPHD, DETBKPHD, 
GASBKPHD, MET, QCPHD, RLR, 
RMSSOH, RNPS, RRR, SPHDF, SPHDP, 
and SSREB.

decay time

Duration of time an exposed filter is 
allowed to decay before data acquisition 
begins.

DETBKPHD

Detector Background Pulse Height Data; 
ASCII data message containing the pulse 
height data from a background count, as 
well as other information, in an IDC-
approved format.

detector type

Data field describing the type of radiation 
detector used in the data acquisition pro-
cess.

dialog box

Box that appears on the screen after you 
issue a command and requests information 
or a decision.
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E

ECR

Energy versus Channel Regression; an 
equation providing the initial detector-spe-
cific relationship between channel number 
and energy. 

EER

Efficiency versus Energy Regression; an 
equation providing the detector-specific 
relationship between efficiency and energy. 

efficiency 

Ratio of counts detected under a photopeak 
to the amount of radiation quanta emitted 
by a sample; depends on detector configu-
ration and geometry.

efficiency energy

Component of the energy/channel pairs 
composing a detector’s energy calibration 
data; energy at which a certain efficiency 
value is valid. Reported in keV.

energy

Usually refers to the measured kinetic 
energy of radiation quanta deposited in a 
detector. The unit most appropriate for such 
measurements is keV.

energy span

Energy interval in which a multi-channel 
analyzer counts radiation quanta. Usually 
equivalent to the highest energy on the 
gamma or beta axis, rounded to the nearest 
100 keV.

event

Occurrence that displays characteristics 
indicative of a possible nuclear weapons 
test.

F

flow rate

Air volume passing through an air filter per 
unit time; reported in scm (m3)/hr.

FULL

Full; spectral identifier indicating that the 
sample has been counted for the total acqui-
sition duration.

FWHM

Full Width at Half-Maximum; metric of 
detector resolution and equivalent to the 
width of a photopeak (in keV) taken at the 
peak height equal to half the maximum 
peak counts.

G

gain

Amplification of the measured energy dep-
osition in a radiation detector. This is 
achieved through the use of electronic 
amplifiers.

gamma

Gamma-ray.

gamma-gated beta spectrum

Beta spectrum in which all electrons 
counted are detected in coincidence with an 
electron.
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gamma-ray

Photon that is produced from a nuclear 
transition; may also imply other photon 
radiations, for example, an X-ray.

GARDS

Global Atmospheric Radionuclide Detec-
tion System; the network of radionuclide 
monitoring stations that meet CTBT 
requirements and transmit radionuclide 
data to the IDC with coordination by the 
IDC.

GASBKPHD

Gas Background Pulse Height Data. Data 
type sent by noble gas monitoring systems 
that observe a memory effect during sample 
acquisition due to atoms from the previous 
sample adsorbed onto the walls of the gas 
cell. The counts from the memory effect 
must be subtracted from the sample counts 
for accurate activity quantification.

GUI

Graphical User Interface.

H

h

Hour(s).

half-life

Time required for a radionuclide to decay 
to half its initial activity.

histogram

Two-dimensional array containing beta-
gamma coincidence counts. One axis repre-
sents gamma channels (or energy) while 

another represents beta channels (or 
energy). The data in a histogram may be 
plotted in 3-D or as a 2-D contour plot.

hr

Hour(s).

I

ID

Identification; identifier.

IDC

International Data Centre. 

IMS

International Monitoring System.

Inspectra

GUI-based tool that facilitates interactive 
review and analysis of the automated spec-
tral data processing results.

K

keV

Kiloelectron Volts; a metric of kinetic 
energy.

L

Lc

Critical Level.
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M

m

(1) Meter(s). (2) Megabyte(s); 1,024 kilo-
bytes. (3) Month(s). (4) Minute(s).

MAR Tool

Multiple Analyst Review Tool.

MDC

Minimum Detectable Concentration. 

minimum detectable concentration

Activity concentration of a given radionu-
clide that is indistinguishable from the mea-
surement process noise level.

MRP

Most Recent Prior; the sample counted 
most recently on the same detector and 
originating from the same station as the 
sample presently being analyzed.

multiplet

Spectrum region of interest composed of 
more than one photopeak.

N

natural radioactivity

Radioactivity from cosmogenic and pri-
mordial nuclides that is always present on 
earth.

NID

Nuclide Identification.

noble gas

Noble element of the periodic table: He, 
Ne, Ar, Kr, Xe, and Rn.

nuclide

One of many combinations of nucleons that 
may comprise an atomic nucleus. Because 
all nuclides of interest with respect to 
CTBT compliance verification are radioac-
tive, this term is often used to refer specifi-
cally to radionuclides.

O

ORACLE

Vendor of PIDC and IDC database manage-
ment system.

P

peak

Statistically significant increase in counts 
above a spectrum baseline at an energy 
associated with a gamma line of a particular 
radionuclide or other phenomenon.

PHD

Pulse Height Data; a format for spectral 
data messages. Possible PHD data message 
types include SAMPLEPHD, BLANK-
PHD, DETBKPHD, CALIBPHD, GAS-
BKPHD, and QCPHD. 

PIDC

Prototype International Data Centre.

PL/SQL

Procedural Language for SQL.
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pop-up

Small window that contains selectable 
objects such as filter settings.

PREL

Preliminary; usually referring to a SAM-
PLEPHD with an acquisition time less than 
that of the full acquisition duration.

priority

(1) Number from 1 to 4 assigned to an iden-
tified nuclide indicating whether or not the 
nuclide is natural or anthropogenic and if 
the nuclide is above or below normal obser-
vation levels.
(2) Number from 1 to 5 assigned to a radio-
nuclide sample during automatic analysis 
indicating the presence of certain types of 
nuclides. Category 1 indicates a spectrum 
with normal natural nuclides while 5 indi-
cates spectra with multiple man made 
nuclides.

pull-down

Small list of selectable objects, such as 
menu items, which appears below a menu 
heading.

Q

QC

Quality Control.

QCPHD

Quality Control Pulse Height Data; ASCII 
data message containing the pulse height 
data of a certified source as well as other 
information. Information in the QCPHD, 
along with other data, is used to check a 
detector’s state of health.

quantity

Collected air volume in scm; same as sam-
ple air volume.

R

radioactivity

See activity.

radionuclide

Nuclide that has an unstable nucleus, that 
is, a radioactive nuclide.

radionuclide laboratory

Laboratories listed in Annex 1 of the CTBT 
and include any laboratories that are certi-
fied by the IMS/IDC in the future.

region of interest

Region of a radionuclide spectrum or histo-
gram that corresponds to a particular radio-
nuclide.

resolution

Metric of a detector’s ability to detect pho-
tons at discrete energies and is equivalent to 
the FWHM.

RMS

Radionuclide Monitoring System; the part 
of the IMS that monitors the atmosphere for 
radionuclides.

ROI

Region of Interest.

ROI number

Integer from 1 to 6 assigned to a 2-D ROI 
for the analysis of 3-D beta-gamma coinci-
dence data.
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RRR

Reviewed Radionuclide Report. Electronic 
file containing the results of the interactive 
review of the automated radionuclide pro-
cessing.  It contains sections on sample 
information, measurement categorization, 
measured radionuclide quantities, MDCs, 
radionuclide identification, analyst editing, 
processing parameters, data quality flags, 
event screening flags, calibration equations, 
and field of regard.

S

s

Second(s).

sample

The solid or gaseous entity collected by a 
blower at an RMS station that is analyzed 
for its radioactive contents.

SAMPLEPHD

Sample Pulse Height Data; ASCII data 
message containing pulse height data 
acquired by counting a gas or particulate 
sample with a detector system.

scm

Standard Cubic Meter(s).

select

To choose an item on the screen by clicking 
it with the mouse pointer.

SOH

State-of-health; indicator of a system’s 
operability.

spectral qualifier

Code in a SAMPLEPHD that indicates 
whether the spectrum acquisition time is 
truncated (PREL) or full (FULL).

spectrum

Plot of the differential number of pulses (in 
counts) per differential pulse height (in 
channels or keV).

SPHD

Sample Pulse Height Data; ASCII data 
message type containing the pulse height 
data of a sample, as well as other informa-
tion. The two types of SPHDs are FULL 
and PREL (preliminary).

SQL

Structured Query Language; a language for 
manipulating data in a relational database.

SSREB

Standard Screened Radionuclide Event 
Bulletin; bulletin generated by the IDC 
when fission or activation products are 
detected at a radionuclide station above 
normal limits. A SSREB contains informa-
tion on the possible event, source location, 
fission products, activation products 
detected, any isotopic ratios calculated, and 
any certified laboratory results. New event 
information can be added to the SSREB as 
it arrives, therefore, multiple revisions of an 
SSREB are possible.

standard cubic meter

Volume occupied by 1m3 of gas at 0 C and 
1013 hPa.
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station

Site where a monitoring instrument is 
installed.

T

total efficiency

Ratio of gamma rays interacting with the 
detector crystal to the total number emitted 
by a sample.

Trendvue

GUI-based tool that facilitates trend analy-
sis of meteorological, station, detector, and 
radionuclide data.

Type I error

Spectral region of interest falsely identified 
as a peak by the automated processing.

Type II error

Peak undetected by the automated process-
ing.

U

uncertainty

Estimate of the deviation from the true 
mean for the parameter or variable of inter-
est.

W

Web

World Wide Web; a graphics-intensive 
environment running on top of the Internet.

Y

Y

Year(s).
G68

o r  R a d i o n u c l i d e  D a t a

e r  2 0 0 1



▼ Glos s ar y

[ C a t e g o r y  o f  D o c u m e n t ]

I D C  D O C U M E N T A T I O N

G69
 D e c e m b e r  2 0 0 1 I D C - 6 . 2 . 6 R 2

A n a l y s t  I n s t r u c t i o n s  f o r  R a d i o n u c l i d e  D a t a


	About this Document
	Purpose
	Scope
	Audience
	Related Information
	Using this Document

	Chapter 1: Interactive Review Procedures for Gamma-ray Spectra
	Introduction
	Spectral Prioritization of Samples
	Multiple Analyst Review Tool
	Verification of Sampling Metrics
	Verification of Calibration
	Review of Reports
	Reviewing for Type I and Type II Automated Peak Search Errors
	Releasing Spectra
	Summary

	Chapter 2: Interactive Review of 3-D Beta-gamma Coincidence Data
	Introduction
	Sample Prioritization
	Verification of Sampling Metrics
	Verification of Calibration
	Nuclide Review
	Type I and Type II Errors
	Senior Level Review

	References
	Glossary

